Recently, copper oxide thin film has been studied because of its low cost, sensitivity to ambient condition and easiness to produce oxide thin film. It is one of the p-type semiconductor oxides materials that are suitable to be used as gas sensing material. In order to improve the sensitivity and to optimize the properties of copper oxide thin film, it is essential to study the physical structure of copper oxide. In current studies, copper oxide thin film has been deposited by RF magnetron sputtering at different substrate bias voltages and oxygen flow rates. The results reveal that the deposition rate decreased when the oxygen flow rate above 4 sccm. SEM image reveal that nanostructure copper oxide was also obtained when the oxygen flow rate was above 4 sccm. On the other hand, no significant effect on the substrate bias voltage toward the sputter deposition rate was observed.
Introduction
Copper oxide thin film is one of the promising candidates to replace the rare and expensive material such as SnO 2 and In 2 O 3 for applications such as dye sensitized solar cell, photo catalysis, photo chromic devices and gas sensing devices [1] - [4] . Generally, copper oxide is a p-type semiconducting material due to the copper vacancies. However, there has been reports of n-type copper oxide, indicating an interesting tune ability of copper oxide thin films [5] , [6] . As a gas sensing device, p-type oxide has advantage of long-term stability because of their tendency to exchange oxygen easily with air. However, due to lack of charge carrier mobility, their sensitivity may become disadvantage. In order to overcome disadvantage, optimum film morphology and electrode configuration are desired.
To date copper oxide thin films have been deposited and growth using several methods, such as radio frequency (RF) magnetron sputtering, chemical vapor deposition, sol-gel and pulsed laser deposition [7] - [9] . Among those techniques, RF magnetron sputtering is a potential method to deposition of copper oxide thin film with high deposition rates and uniformity [10] . In addition, RF magnetron sputtering techniques is good in repeatability performance [11] . In sputtering deposition, the characteristic of the deposited thin film are influenced by the deposition parameter such as oxygen flow ratio, sputtering power, working pressure, deposition time and substrate bias voltage.
In this paper, we report the investigation on the deposition rate and physical characteristic of the copper oxide thin film deposited by RF magnetron sputtering at different substrate bias voltages and oxygen flow rates. The thickness, grain size, and surface morphology of sputtered copper oxide thin films were observed by field emission-scanning electron microscope (FE-SEM).
Experimental details
Copper oxide thin film was deposited using reactive RF magnetron sputtering plasma. The magnetron sputtering source was a conventional system that is made of cylindrical permanent magnets attached to an indirect water cooling system. The copper oxide thin films were deposited on 4 inches p-type silicon wafer at a distance of 13 cm from the target. The silicon wafer was oxidized to form 1 µm thick SiO 2 layer as the insulator. The sputter target is a 3 inches pure (99.99% purity) copper target. By using a pure copper target, one can easily control the stoichiometric of deposited thin film using the oxygen-to-argon ratio. The sputter chamber was evacuated to base pressure of 5x10 -6 Torr using vacuum turbo pump and backed by rotary pump. The required sputtering gas (argon, Ar) and reactive gas (oxygen, O 2 ) were admitted into the chamber by using the mass flow controller which is attached to the top of the vacuum chamber. During the deposition, Ar flow rate and total chamber pressure were fixed at 50 sccm and 22.5 mTorr, respectively. Sputtering plasma was produced by a 13.6 MHz RF magnetron discharges with an automated matching network. The RF discharge power was fixed at 400 W. A summary of the parameter used during the deposition of copper oxide thin film was tabulated in table 1.
Series of samples were prepared at substrate dc bias voltage ranging from 0 to -100 V. While the O 2 flow rates were varied from 0 to 16 sccm. The deposition time was at 4 minutes for all samples. During deposition, the total chamber pressure was controlled by butterfly valve in front of the turbo molecular pump. The deposition process was done at room temperature where no additional heating was introduced to the substrate holder.
Two major techniques were employed to evaluate the properties of copper oxide thin film. Thickness of copper oxide thin film was analyzed from the thin film cross-sectional image taken by FE-SEM (JEOL, JSM-7600F Series). Deposition rate was calculated from the thickness divided by the deposition time. Surface morphology and roughness of the films were observed by FE-SEM. A probe voltage and current of 5 kV and 7 mA, respectively were used when analyzed using FESEM. Magnification of 50,000 was used to evaluate the changes of the grain size with different deposition parameters. Figure 1 shows the deposition rate of thin films at various substrate bias voltages and oxygen flow rates. At 0 sccm of oxygen flow rate, the deposition is totally a metal copper deposition. At this point the deposition rate is approximately 40 nm/min. This is comparably high for RF magnetron sputtering deposition. Note that in general, deposition rate for RF magnetron sputtering is lower when compared to dc magnetron sputtering. However, to growth a metal oxide thin film, it is essential to use RF magnetron sputtering.
Results and discussion
When O 2 gas was introduced into the deposition chamber, deposition rate slightly increased at 4 sccm and then continue to decreased at oxygen flow rate above 4 sccm. When O 2 gas is introduced into the chamber, the sputtering plasma become weaken and thus reduce the sputtering yield of target materials. As a result, the deposition rate decreased. However, at 4 sccm of O 2 one can clearly seen a so-called guttering effect where the pure copper target surface was poisoned and their sputtering yield by Ar ions changed [12] . On the other hand, the effect of substrate bias voltage toward the deposition rate was not significant as shown in Fig. 1 . The deposition rates at different substrate bias voltages were almost the same. Figure 2 shows FE-SEM images of copper oxide thin film surface deposited at different oxygen flow rates. The substrate bias voltage was 0 V. Copper thin film in Fig. 2(a) had large crack between its grain structures. The crack reduce when oxygen flow rate is at 4 sccm, and small grain of copper oxide can be observed. Note that our X-ray diffraction (XRD) data showed that at 4 sccm of oxygen flow rate, the Cu 2 O (111) peak was detected. At 8 and 16 sccm of oxygen flow rate, the copper oxide thin films become denser with small grain size below than 20 nm. Small grain size is preferable in order to improve the gas sensing surface interaction. We had also confirmed that the gas sensing performance or copper oxide thin films deposited at this parameter showed better sensing respond compared to 4 sccm of oxygen flow rate. The XRD data reveal that at 8 and 16 sccm of oxygen flow rate, CuO (111) peak was detected.
In addition, the nanostructure of copper oxide thin film in Fig. 2 has also been re-confirmed by AFM analysis. The roughness of copper oxide thin film deposited at 4 sccm of oxygen flow rate was 6.6 nm. It decreased to 4.7 and 2.8 at 8 sccm and 16 scccm of oxygen flow rate, respectively. At higher concentration of oxygen in sputtering chamber, the growth of copper oxide thin film become slower and thus results in nanostructured copper oxide thin film.
Conclusion
Copper oxide thin film has been successfully deposited using RF magnetron sputtering plasma at various oxygen flow rates and substrate bias voltages. Significant effect of oxygen flow rate toward the deposition rate and physical structure of copper oxide thin film has been observed. Boundary parameter between the sputter target poisoning has been clarified. Grain of copper oxide at nanoscale is believe will improve the gas sensing performance of copper oxide thin film. 
